INTRODUCTION
Food, fuel and fertilizers are the main problems faced by the developing countries. As far as fuel is concerned, the main source of energy in rural areas is, still, the traditional fuels such as firewood, animal wastes and agricultural residues. In the recent years, there has been an increased interest in the development of technologies for exploiting renewable energy sources such as biomass (especially energy crops) for energy/power generation (Kashyap et al., 2003) . Lignocellulosic biomass, generally, has a high content of cellulose having combustion energy of 15kJ/g which when converted to methane, has a combustible energy of 50 kJ/g (Khan et al., 1983) . It can be burnt, but the efficiency of combustion is reduced by the moisture content, if it is not dried. Alternatively, lignocellulosic biomass can be converted to biogas via anaerobic digestion (Kashyap et al., 2003) .
Anaerobic digestion is a biological process in which biodegradable organic material is decomposed in the absence of oxygen to produce biogas which is a mixture of CH4 (55-75%), CO2 (25-45%), H2 (0-3%), N2 (1-5%), CO (0-0.3%), H2S (0.1-0.5), O2 and water vapours (traces) (Pauss et al. 1987) . The organic matter can be degraded by the sequential action of hydrolytic, acetogenic and methanogenic bacteria to produce biogas. As the calorific value of biogas is about 6kWh/m 3 (this corresponds to half a liter of diesel oil), this process would lead to saving of an enormous amount of fuel/year (Pauss et al., 1987) .
Paddy straw is one of the most abundant lignocellulosic waste on the earth. In India, annual production of rice is estimated to be 96.4 million tons (www.indiastat.com) and about 1-1.5 kg of straw is found to be produced from every kilogram of the grain harvested (Maiorella, 1985) . Thus, 96.4-144.6 million tons of paddy straw is estimated to be I I In n nt t te e er r rn n na a at t ti i io o on n na a al l l J J Jo o ou u ur r rn n na a al l l o o of f f L L Li i if f fe e e S S Sc c ci i ie e en n nc c ce e es s s produced annually. Paddy straw consists of 35-40% cellulose, 20-24% hemi-cellulose, 8-12% lignin, 14-16% ash and 10-12% extractives (Jain, 1997) . Although, paddy straw has high cellulose content but the lignin complex and silica incrustation shields the microbial action on the cellulose content.
Therefore, the paddy straw needs to be pretreated in order to enable cellulose to be more accessible to the microbial/enzymatic attack for biogas generation. Many physical (mechanical and non-mechanical), chemical (alkaline hydrolysis, acid hydrolysis, oxidative delignification and solvent extraction), physico-chemical (Ammonia Fibre Explosion, CO2 and steam explosion) and biological pretreatment strategies (lignocellulolytic microorganisms and the enzymes) have been proposed in the recent years (Saratale et al., 2008; Hendriks and Zeeman, 2009 ).
However, the physical and chemical pretreatments are not practically feasible due to the high cost involved. Furthermore, the chemical pretreatment can be detrimental to methanogens apart from generating acidic or alkaline water wash, which needs pre-disposal treatment to ensure environment safety (Keller et al., 2003) .
Thus, biological pretreatment involving the use of white-rot fungi is a better alternative for delignification of the paddy straw. Kahlon and Dass (1987) reported that after an incubation period of 30 days, Pleurotus ostreatus and Sporotrichum pulverulentum inoculated paddy straw became more digestible with significant reduction in lignin. Pleurotus ostreatus has been found to be the most promising fungus in increasing cellulose content and decreasing Klason lignin of rice straw (Taniguchi et al., 2005) .
The present study was, therefore, undertaken to evaluate the paddy straw biodegradability after biological pretreatment by Pleurotus florida and to assess the implication of altered paddy straw digestibility on biogas production.
MATERIALS AND METHODS

Procurement of the materials
Paddy straw was procured from the research field of Punjab Agricultural University, Ludhiana, India. The paddy straw was chopped to 3-5 cm and was stored in polythene bags at room temperature.
Microbial culture Pleurotus florida was procured from Department of Microbiology, PAU, Ludhiana, India and was maintained on Potato Dextrose Agar (PDA) slants at 25 ± 2 0 C (Table 1) . Digested cattle dung slurry was procured from a working biogas plant in Biogas Field of School of Energy Studies for Agriculture, PAU, Ludhiana, India.
Biological pretreatment of paddy straw
For the preparation of substrate, 10 g chopped and washed paddy straw was suspended in 10 ml distilled water in 250 ml Erlenmeyer flasks and was autoclaved at 121 0 C at 15 psi for 20 min. The sterilized substrate was inoculated with a spore (Pleurotus florida) concentration of 3.5 x 10 7 , 7.0 x 10 7 and 10.5 x 10 7 spores ml -1 and then incubated at 25±2 0 C for different durations of time i.e. 15d, 30d, 45d and 60d, respectively. After the completion of desired duration of incubation, flasks were removed. The pretreated paddy straw was dried at 100 0 C and kept in polythene bags. All the experiments for chemical and proximate analysis were conducted in triplicates.
Biogas production from pretreated paddy straw
Biogas production experiments were carried out in glass biogas digesters of 2 liter capacity following Single Phase Digestion and biogas produced was measured by water displacement method for a period of 45 days. Two hundred gram of the pretreated paddy straw was mixed with two hundred ml of the digested cattle dung slurry and two hundred ml of tap water. The mixture was fed to the biogas digesters and incubated at 37 ± 2 0 C. A control was run simultaneously. The experiment was conducted in triplicate. (2000) were followed for the determination of total solids, volatile solids, ash, cellulose, hemi-cellulose, lignin and silica. Total sugars were estimated by phenol-sulphuric acid method using glucose as standard (Dubois et al., 1956) .
Analytical procedures
Statistical analysis
Critical difference at 5% level was calculated using program Completely Randomized Designs (CRD) in the CPCS1 software (developed by Department of Statistics, PAU, Ludhiana, India).
RESULTS
Effect of biological pretreatment on paddy straw digestibility
Results from the Table 2 and Figure 1 indicate that there was significant increase in TS with the increase in duration of incubation and the spore count whereas VS kept decreasing with the increasing incubation period. Maximum value of TS was found to be 95.8% for 60 days of incubation for a spore count of 10.5 x10 7 . Volatile solids decreased to a minimum of 79.4% for 60 days at 3.5 x 10 7 spore concentration as compared to the control. Ash content reached a maximum of 20.6% at 60 days (for 3.5 x 10 7 spores ml -1 ) than that of the control (14.9%).
Increase in total sugars with the increasing period of incubation was appreciable with 119.9% increase (51.9 mg total sugars/g PS) at an incubation of 200 days for a spore concentration of 10.5 x 10 7 spores ml -1 as compared to the control. Cellulose content increased significantly up to an incubation period of 45 days with a maximum of 43.9% accounting to an increase of 19.3% and then decreased to 29.1% at 200 days with a spore count of 10.5 x 10 7 spores ml -1 . More than 20% reduction in hemi-cellulose was found during initial 15 days of incubation as compared to control. Lignin decreased appreciably to 5.3% at an incubation period of 60 days (10.5 x 10 7 spores ml -1 ) corresponding to a decrease of 76.0% than that of the control with 12.7% lignin. Increase in silica was smooth, continuous and significant with a maximum of 15.2% at an incubation period of 60 days which was 1.7 times more than that of the control (9.1%). As more than 45% reduction in lignin was observed in 30 days and thereafter, the decrease was not much significant, so 30 days incubation period could be well adopted for the pretreatment purpose and was chosen to be proceeded for biogas production in the present study.
Effect of biological pretreatment of paddy straw on biogas production
Two hundred gram paddy straw was inoculated with 100 ml spore suspension (7.0 x 10 7 spores ml -1 ) of Pleurotus florida and incubated at 25±2 0 C. After an incubation period of 30 days, paddy straw was mixed with 200 ml of digested cattle dung slurry and 200 ml of tap water. This mixture was then fed to the biogas digesters and incubated at 37 ± 2 0 C.
Results from the Table 3 indicate that 202 liter biogas/kg PS was produced from the pretreated paddy straw as compared to the control with 175 liter biogas/kg PS. This corresponds to an increase of 15.4% than that of the control whereas volatile solids basis, the increase in biogas production was 20.2%.
DISCUSSION
Increase in total sugars could be due to the degradation/hydrolysis of some fraction of cellulose/hemi-cellulose to fermentable sugars. Increase in cellulose up to 45 days of incubation might be the result of breakdown of ligninhemicellulose complex by the fungus thereby, releasing free cellulose. Ceriporiopsis versicolor and Streptomyces viridosporus has been reported to release less reducing sugars due to the utilization of the released sugars by the culture itself or due to presence of some inhibitors of saccharifying enzymes (Gammal et al., 1998) .
Decrease in hemi-cellulose might be the result of breakdown/hydrolysis of hemi-cellulose into fermentable sugars. Lignin content was appreciably decreased due to the lignin-degrading action of the fungus whereby more than 45% reduction in lignin was observed in 30 days. The increase in silica content might be because of the breakdown of the silica layer and hence, releasing silica in free form. Pleurotus ostreatus and Sporotrichum pulverulentum inoculated paddy straw has also been found to be more digestible with significant reduction in lignin in 30 days (Kahlon and Dass, 1987) . A significant The increase in biogas production could be due to decrease in lignin content of paddy straw which resulted in increased digestibility and hence, availability of substrate (cellulose/hemi-cellulose) for methanogenic consortium to act upon. This observation is well corroborated with the report of Kirk (1973) which stated that if lignin is even partially removed by chemical / biological means or if its relationship with the polysaccharide is modified, the polysaccharides become much more susceptible to the enzymatic degradation.
It is concluded that an incubation period of 30 days where an increase of 19.3 % cellulose and a decrease of 50.4 % lignin was observed. No doubt, lignin content keeps on decreasing with the increasing pretreatment period but that was compensated / overpowered by the wastage of time to go up to 60 days. Furthermore, a significant increase of 15.4 % in biogas production was observed from the 30 days pretreated paddy straw. Increasing spore count was found to have no significant effect on the enhancement of straw digestibility. Increase in total sugars is the desirable feature of the Pleurotus florida pretreated paddy straw as this pretreated straw could also be utilized for ethanol production. Biological pretreatment not only provides a simple and inexpensive method of pretreatment but is also an environment friendly approach. Values in the parentheses indicate percent increase in biogas production than the control; Experimental conditions: 200 g paddy straw+200 ml digested cattle dung slurry+200 ml water; biogas digester: 2 litre capacity; incubation ; temperature: 37±2 o C; incubation period: 45 days
